Two vertical cosmic ray telescopes for atmospheric cosmic ray ionisation event detection are compared. Counter A, designed for low power remote use, was deployed in the Welsh mountains; its event rate increased with altitude as expected from atmospheric cosmic ray absorption. Independently, Counter B's event rate was found to vary with incoming particle acceptance angle. Simultaneous co-located comparison of both telescopes exposed to atmospheric ionisation showed a linear relationship between their event rates.
Introduction
Ion generation in the atmosphere is now actively investigated because of its possible role in particle formation 1 and cloud processes 2 , which may have a small effect on climate 3 . Related atmospheric experiments therefore require techniques that allow ionisation or cosmic ray measurements to be combined with conventional meteorological measurements. Direct measurement of surface atmospheric ions 4 provides one approach, but the detection of cosmic ray ionisation events yields more information relevant to the effects of ionisation in the atmosphere well above the surface.
A long-established principle employed for cosmic ray detection is by the simultaneous triggering of two co-located Geiger-Müller tubes by high-energy particles. Such a "cosmic ray telescope" 5 (originally known as a "coincidence counter" because of the simultaneous triggering aspect) was first used in 1929 to detect energetic ionising particles formed from cosmic rays 6 . Scintillator techniques are now much more common in modern particle physics, but they have size and power requirements which limit their suitability for unattended operation in atmospheric fieldwork 7 . Consequently this paper investigates the cosmic ray telescope technique for long-term, low power unattended measurements of atmospheric ionisation. Because cosmic ray telescope measurements indicate the instant when a high-energy ionising particle has passed through the column of air above the detector, the telescope can be combined with other remote low power meteorological sensors to "trigger" measurements associated with the atmospheric ionisation effects. A further advantage is that, by monitoring the output of the individual Geiger-Müller tubes as 3 well as the coincidence event times, the telescope can determine a variety of atmospheric ionisation sources, as the contribution from lower-energy cosmic ray electrons is small at the surface 8 . Cosmic ray telescopes can also be used effectively in education 9 , as they build on the familiar Geiger-Müller tubes to provide a simple and inexpensive way to demonstrate the properties of energetic particles.
Here, two compact cosmic ray telescopes ("A" and "B") intended for long-term monitoring 
Principle of operation
The telescopes operate in a similar way, each employing a pair of G-M tubes to detect high- determined by the monostable pulse width. For counter A, the final AND gate "coincidence" pulse was counted directly using a Campbell data logger. In counter B, further pulse stretching was applied to yield a longer coincidence pulse of ~1s, which was recorded using a digital counter, monitored every 5 min. From each system an equivalent hourly coincidence count rate was determined, and the individual Geiger count rates recorded..
Both types of G-M tube used typically recorded a count rate of ~10/min from radioactive decays. This background radioactivity, emitted from the soil, causes most of the 5 atmospheric ionisation close to the ground 13 . It is therefore possible that some recorded coincidences will be "false", i.e. caused by the two individual G-M tubes being triggered close to simultaneously by different radioactive particles, rather than an energetic cosmic ray passing through both Geigers almost instantaneously. This rate is readily estimated 6 as negligible (<0.01/hr) for both counters. . For the log-log relationship in figure   2 , a fitted line of form y=x n gives n=-2.2±0.7, consistent with an inverse square law. 8 During the two weeks of the separation experiments, the mean individual G-M tube count rates remained at 12/min which was independent of their position, hence the effect of separation on coincidence rate effect is not attributable to changes in the tube count rates.
Atmospheric comparison of both counters
A direct comparison between the counters in atmospheric conditions was made during an Experience with these telescope instruments in mountain regions over several years shows that this type of compact cosmic ray counter is suitable for long-term unattended monitoring of atmospheric ionisation. 
